Constructing a reasonable evaluation index system is important for characterizing water and land resources and for ecological restoration. To solve random and incomplete problems using a traditional evaluation index system, a novel model for evaluating regional agricultural water resources using a resilience index system was proposed. In addition, a new method for an evaluation index system and the filtering of key indicators were investigated. Based on the structural characteristics of a regional agricultural water resource system (AWRS), the model for an evaluation index system was built by constructing a hierarchical indicator architecture using a hierarchical framework model. The index weight was calculated using criteria importance through intercriteria correlation (CRITIC). Then, index completeness was ensured using principal component analysis, and the reliability of the results was tested using the analytic hierarchy process. The model was applied to the Jiansanjiang Administration of Agricultural Reclamation in Heilongjiang, China. The main results included the following: (1) the index was optimized from 46 to 32, which identified the key indicators that affect the resilience of the Jiansanjiang Administration AWRS, and (2) an evaluation index system was constructed with a completeness of 85.6%. The results of this study provide an important and practical model for studying the resilience of related resources and environmental fields.
INTRODUCTION
Water resources have become an increasingly important determinant of agricultural sustainability, especially in arid and semi-arid regions (Forouzani & Karami ) .
Supporting regional social economic sustainable development, agricultural water resources are the foundation of strategic resources and are becoming important limiting factors in grain production areas. Due to climate change and population increases, strong anthropogenic disturbances of agricultural water resource systems (AWRSs) have occurred. Therefore, increasing water scarcity and water pollution, decreasing water levels, land desertification, grassland degradation and other ecological and environmental problems have led to growing interest in resilience as an important dimension of socio-ecological sustainability (Maleksaeidi et al. ) . The gradual degeneration of AWRSs has impacted and impaired agricultural sustainability. Moreover, fewer opportunities and the decline of regional societies have been identified. Thus, many researchers and policy-makers have considered improving the resilience of natural and social systems (SSs) to enhance the resilience of regional AWRSs (Mnisi & Dlamini ) .
Resilience is defined as the capacity of a system to absorb disturbance and reorganize while changing to retain essentially the same function, structure, identity, and feedback mechanisms (Adger et al. ) . Management is important because it can damage or increase resilience, depending on how the system reorganizes in response to management activities (Folke et al. ) . Although theoretical advancements have been made regarding resilience as a framework for sustaining the relationships between humans and the environment (Gunderson & Holling ) , resilience is a concept that has not yet been operationalized (Cumming et al. ) , and the utility of resilience for prac- Water resources affect diverse social-ecological systems; however, farm households, for which agricultural production is the primary source of direct and indirect employment and income, are the most affected by this critical natural resource (Ringler et al. ) . An AWRS includes a large complex system and a semi-artificial ecosystem that encompasses society, economics, the environment, ecology and resources. In this large system, resilience is affected by natural, social, economic, and cultural factors, as shown in Figure 1 . Therefore, an attempt to select indicators for each system and to develop a scale for assessing resilience in response to various disasters is an essential step in sustainability planning.
Selecting indicators for evaluating and constructing an indicator system is the most important and complex part of resilience evaluations of regional AWRSs. Attempts to select indicators and build an evaluation index system for assessing the resilience of water resource and related systems have been made in response to various disasters. These studies focused on the evaluation method itself and paid very little attention to the construction of an evaluation index system, which is the foundation of any evaluation. Our study fills this gap by emphasizing the process of establishing and optimizing an evaluation index system for a regional AWRS.
The lack of an organized and standard metric for measuring the resilience of a regional AWRS and the fact of the capacity of the system to adapt to the adverse effects of decreasing natural resources determine the severity of the impacts and the adaptation costs. Studying a regional AWRS and using a standard scale to measure resilience is necessary to (1) identify indicators that affect the resilience of the system and (2) construct an evaluation index system.
METHODOLOGY Constructing the initial evaluation index system
Principles of constructing an indicator system A complete indicator system should be (1) systematic, (2) simple, (3) scientific, (4) generally comparable, and (5) In Figure 2 , the solid lines with arrows connect the total target and the middle level indicators of the next level, and the broken lines with arrows, which represent connections that may or may not exist between subsystems in different levels, connect the levels within the middle layer or connect the middle layer and a specific index layer.
Principles of specific indicator selection
The principles of a specific indicator selection are characterized by the following eight standards: measurability (M), vulnerability (V), predictability (P), typicality (T), controllability (C), integrity (I), responsibility (R), and stability (S) (Dale & Beyeler ) . Integrity applies to the construction of the entire indicator system, and the remaining seven standards are requirements for selecting specific indicators (Lin et al. ) .
Optimizing the evaluation index system
In this paper, a combination of CRITIC and principal component analysis (PCA) was applied to optimizing the evaluation index system to simplify the complex indicator system and improve the accuracy of the evaluation results.
Constructing the relational matrix P j×g
The relational matrix P j×g is constructed according to the hierarchical indicator architecture, where P represents an indicator's relationship to the n layer and the n À 1 layer, j is the jth indicator of the n À 1 layer, and g is the gth indicator of the n layer. If j and g are associated, p ig ¼ 1;
Constructing the inclusion criteria matrix R g × 7
According to the eight index inclusion standards, a linear g × 7 inclusion criteria matrix is constructed to select and optimize the individual indicators as follows:
where g is the index of the nth layer, and 7 represents the seven index inclusion standards. When the index satisfies condition I, r gi ¼ 1; otherwise, r gi ¼ 0.
To achieve balance between science and integrity (Lin 
Optimizing the index system To achieve completeness and simplicity requirements, the objective function can be set to
Additionally, the following constraints must be satisfied when the five index inclusion standards listed above are met.
The evaluation index is selected as follows:
If the mth value of the specific index layer is selected,
To construct the vector R ¼ [r 1 ,r 2 ,…,r g ] and ensure a link between the indicators, Equation (6), which indicates that the lower-level indicator and the upper-indicator are linked, must be satisfied.
To ensure the completeness of the index system, the weight of the index system must reach a certain accuracy, which is defined by Equation (7). This paper uses PCA, with 0.85 as a criterion for determining the completeness of the index:
where 
RESULTS AND ANALYSIS
Original selection of evaluation index Figure 2 shows that the construction of the evaluation index system for the regional AWRS should begin with the following four subsystems of interdependence and interaction: the AWRS, the SS, the economic system (ES), and the ecological environment system (EES).
Combined with a literature analysis (Yang & Yang ) and considering the practical conditions of the Jiansanjiang Administration, a preliminary resilience evaluation index system was constructed for a regional AWRS that contained four levels and 46 indicators.
The actual significance of all the indicators was defined according to eight standards for evaluating the standard conformity accuracies of each indicator. The direction of the data was also defined, which was 'positive' (P) or 
Construction of an evaluation index tree
The remaining 39 indicators were divided into the following four categories based on the guidelines provided in 
Determining the index weight through CRITIC
Weight determination is an area of focus and is a difficult Table 2 .
Optimization and selection of the evaluation index system
Combined with Equation (2) and the evaluation index tree of the agricultural water resources of the Jiansanjiang 
MPTCRS N Amount of Industrial Waste Water Discharge
Characterization of the pollution status of water resources used in industrial production (10 4 t).
MVPTCS N Urban Life Waste Water Emission
Characterization of the pollution status of water resources used for urban life (10 4 t).
MVPTCS N Ratio of Sewage to Runoff
Waste water discharge/(Runoff coefficient × runoff area) (%). The degree of river pollution due to surface runoff. 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 4 3 (8) R ¼ [r 1 , r 2 , r 3 , r 4 , r 5 , r 6 , r 7 , r 8 , 1, 1, 1, 1, 1, 1, 1, r 16 , r 17 , 1, 1, r Equation (4) should be used to achieve completeness and simplicity requirements. To ensure that the indicators are linked, Equation (6) must be satisfied. When considering the practical operability and simplicity requirements, Equation (7) was used to delete an index to ensure the completeness of the index system. The calculation process is as follows:
Thus, the optimum solution is MinZ ¼ 32, and
856. Therefore, the following 32 indicators were selected: R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 15 , Table 3 .
DISCUSSION
To verify the reliability and rationality of the results, the AHP was used to calculate the weights of the 39 indicators in the index layer. The results are shown in Table 4 . By using the AHP, the optimal solution of MinZ ¼ 29 was calculated, and R × W T Ri ¼ 0:860459. Therefore, the following 29 indicators were selected: R 5 , R 6 , R 9 , R 10 , R 11 , R 12 , 
CONCLUSION
(1) The regional AWRS resilience evaluation index proposed in this paper can be used to optimize indexes and reduce interference due to redundant indexes based on the integrity index, which solves the problems of lack of rigour and incomplete index selection for the resilience of traditional evaluation systems. A HF of a resilience evaluation index system for regional AWRSs was constructed based on the principles of index selection, and a set of primary indexes was established using CRITIC to calculate the index weight and PCA to ensure index completeness. Simultaneously, the AHP was used to determine the reliability of the results.
Finally, the key indexes involved in the AWRS, EES, SS and ES indicate that the selected indexes are strongly representative and that the model comprehensively evaluates the resilience of local water resource systems.
(2) The primary goal of this paper was to analyse the criteria for index permission when using a model for constructing an evaluation index system. According to the hierarchical relationships of the index system, a primary selection matrix and an optimization matrix were constructed, which effectively removed several indexes that had poor operability or were insensitive and unstable. In the case study, the number of initially 
